Ninety-eight specimens with rupture of some portion of the left ventricle complicating acute myocardial infarction from atherosclerotic coronary disease were studied. In 90, a single structure (so-called isolated rupture) had ruptured as follows: free wall of left ventricle, 52 cases; ventricular septum, 18 cases; a papillary muscle, 20 cases. In eight cases, two structures had ruptured, the most common combination being rupture of ventricular septum and left ventricular wall.
SUMMARY Ninety-eight specimens with rupture of some portion of the left ventricle complicating acute myocardial infarction from atherosclerotic coronary disease were studied. In 90, a single structure (so-called isolated rupture) had ruptured as follows: free wall of left ventricle, 52 cases; ventricular septum, 18 cases; a papillary muscle, 20 cases. In eight cases, two structures had ruptured, the most common combination being rupture of ventricular septum and left ventricular wall.
Inferolateral location of underlying infarction was the common situation in ruptured papillary muscle, while anteroseptal myocardial infarction was more common in rupture of the ventricular sep-RUPTURE OF THE VENTRICULAR SEPTUM or of a left ventricular papillary muscle is among the significant, often catastrophic, complications of acute myocardial infarction. Clinical distinction between the two is usually difficult to make as, classically, each tends to be associated with the appearance of a systolic murmur not previously present. Also, in either condition the event of rupture may be followed by collapse of the circulation, ruptured ventricular septum (VS) from the sudden onset of pulmonary recirculation and rupture of a papillary muscle (PM) from the abrupt onset of mitral insufficiency. With the view that some clarification in distinction between the two conditions might be made, this study was undertaken.
In the Cardiovascular Registry of United Hospitals-Miller Division, exclusive of cases with rupture of the left ventricular wall and development of a left ventricular false aneurysm, there are 98 specimens with some form of rupture complicating acute myocardial infarction of coronary atherosclerotic origin.
Some of the cases were included in the report of Van Tassel and Edwards.' As in the earlier study, in the current series the rupture involved either a single structure or two structures. In 90 of the 98 cases only one structure, such as free wall of the left ventricle, VS or a PM had ruptured (socalled isolated rupture), while in eight cases two structures were involved by rupture. The distribution of sites of rupture is given in table 1, which shows that among the cases with rupture of a single structure the free wall of the left ventricle was involved in 52 cases, the VS in 18 and a PM in 20.
This study concentrated on those cases in which rupture of the VS or of a PM either alone or together with another structure was confirmed pathologically.
tum.
Transmural infarction underlay each case of ruptured ventricular septum, while in ruptured papillary muscle 11 of 20 cases showed subendocardial infarction. There was no association between the type of papillary muscle rupture and the type of infarct.
Clinically, collapse of the circulation was common in cases of ruptured ventricular septum and ruptured papillary muscle.
Death within one week after rupture was usual when the papillary muscle was involved totally or when the ventricular septum was involved. With partial rupture of a papillary muscle, longer survival (months) was observed in two of ten cases.
Each of the subjects was adult and had experienced acute myocardial infarction on the basis of coronary atherosclerotic disease. At the time of death, most of the patients were in the hospital for diagnosed acute myocardial infarction. In exceptional instances, the patient arrived at the hospital in extremis on the basis of altered hemodynamics resulting from rupture. There were 58 men and 40 women in the entire series. The ages of the male subjects tended to be lower than those of the female. Data on age and sex were available in each of the cases; specific clinical data were available to us only in 96 of the 98 cases with pathologic specimens. One without clinical data was a case of total rupture of a PM, and the other an example of rupture of the VS.
Pathologic Observations
Pathologic observations involved the location of the underlying myocardial infarct, its extent, whether transmural or subendocardial and, in the case of ruptured PM, whether the anterolateral or posteromedial PM was involved and whether the involved PM complex had ruptured totally or partially.
Location of Infarction
We elected to identify location of myocardial infarction according to the following segments of the left ventricle.
Anteroseptal: the anterior aspect of the VS and the related anterior wall but without involvement of the tissue at the base of the anterolateral PM. Anterolateral: anterior wall and the basal attachment of the anterolateral PM. The anterior aspect of the VS might also be involved. Lateral: the tissue primarily between the basal attachments of the two PMs. Inferior: the diaphragmatic aspect and related part of VS but without involvement of the basal attachment of the posteromedial PM. Inferolateral: the diaphragmatic aspect and the left ventricular wall and the basal attachment of the posteromedial PM. The inferior part of the VS might also be involved. 815 Rupture of Single Structure Among the cases of isolated rupture of the free wall of the left ventricle, the three most common sites of underlying infarction were the anteroseptal, lateral and inferior with distribution of cases being nearly equal in each of these three locations (table 2). Of the 18 cases of isolated rupture of the VS, the most common sites of underlying infarction were anteroseptal (nine cases) and inferior (five cases). Less common sites were inferolateral (three cases) and anterolateral (one case).
Those rupture tracts of the VS which complicated inferior or inferolateral infarcts tended to be basal in location ( Isolated rupture of a PM (figs. 2 and 3) was restricted to those locations that include lateral involvement, the most common location being in the inferolateral site (14 of 20 cases). Less common sites were anterolateral (four cases) and lateral (two cases).
Rupture of Two Structures
Of the eight cases with rupture of two structures, there were six with rupture of the left ventricular free wall and of the VS (fig. 4 ). The location of the underlying infarct in two cases was anteroseptal and in four cases inferior. In the remaining two cases with two sites of rupture, each had a ruptured PM. In one, the additional structure was the VS and in the other the left ventricular free wall ( fig. 5 ). The underlying infarct in each of the latter two cases occupied an inferolateral position.
Type of Infarction
In each of the cases involving rupture of the left ventricular free wall or of the VS, whether isolated or in association with rupture of another structure, the infarct was transmural in distribution.
In contrast, of the 20 cases with isolated rupture of a PM, the underlying infarct was transmural in nine and subendocardial in 11.
Rupture of Papillary Muscle
The two PMs of the left ventricle are the anterolateral and the posteromedial. When rupture occurred in a PM, it involved either all of a PM (total rupture) (fig. 2) or only one or several heads of a particular muscle complex (partial rupture). In the latter circumstance, the rupture was usually represented by separation in continuity of the involved head or heads ( fig. 3a ), while in one case partial rupture was characterized by involvement of one head but with the fig. 3b ).
Of the 20 cases with isolated rupture of a PM, ten were total ruptures and an equal number were partial. Of the two cases in which a PM was associated with rupture of a second structure, one rupture was partial (with VS rupture) and one was total (with rupture of the free wall).
The study confirmed the general observation that when a PM ruptures, the process has a strong tendency to involve the posteromedial PM. Among the 20 cases in which isolated rupture of a PM was observed, only four involved the anterolateral PM ( fig. 2a ), each being an example of total rupture and corresponding with the four cases of underlying anterolateral myocardial infarction (table 2). In the remaining 16 cases with isolated PM rupture, the posteromedial PM was involved ( fig. 2b ), as it was in the two cases in which rupture of a PM was associated with rupture of a second structure. Each of the cases with partial rupture involved the posteromedial PM.
There was no particular tendency for partial or total rupture to be associated with a particular type of infarct. Among the ten cases of isolated partial rupture of a PM, the underlying infarct was subendocardial in six and transmural in four. In the ten cases of total rupture of a PM, the underlying infarct was subendocardial in half and transmural in the other half.
Clinical Observations Clinical features sought were particularly the appearance of a new murmur, loss of integrity of cardiovascular function, disturbance of A-V conduction, time of rupture after infarction and length of survival after rupture.
Murmur
In 17 of the 18 patients with isolated rupture of the VS, a clinical history was available. The data show that in the majority of this group (16 of 17 cases; 94%), a new murmur was recognized during hospitalization. The murmur, when present, was usually easily apparent. Commonly, it was holosystolic, loud, constant in intensity and maximal along the lower sternal border. It radiated widely, often to the lower thorax posteriorly. Transmission to the axilla was not described.
In 19 of 20 patients with isolated rupture of a PM, a clinical history was available. When the cases in this group are considered together (partial and total rupture), it shows that a new murmur was less common than in cases with rupture of the VS. In only eight of 19 cases (42%) was a new murmur observed. When the cases of partial rupture are separated from those with total rupture, it is evident that a new murmur occurred more commonly in the former than in the latter. In seven of ten cases (70%) with partial rupture, a new murmur was observed, while among nine cases of total rupture of a PM only one (11%) showed a new murmur.
The murmur observed in cases of rupture of a PM tended to be less distinctive than the murmur of rupture of the VS. Holosystolic in time, it was variously described as highpitched or harsh and maximal at the cardiac apex. Some murmurs were without radiation and some radiated to the left axilla. Frequently, the clinician had difficulty in distinguishing ruptured VS from rupture of a PM, while in some the murmur was considered to be diagnostic of mitral insufficiency.
The most common circumstance of rupture involving two structures was that in which there was rupture of the free wall and of the VS (six cases). A new murmur was present in one of these six cases (17%).
In the one case of rupture of the VS and partial rupture of a PM, a new murmur was not observed. In the single case of rupture of the free wall and total rupture of a PM, a new murmur was first noted four days after the onset of myocardial infarction. Death from rupture of the free wall with complicating hemopericardium occurred ten days later. Among the 19 of 20 cases with isolated rupture of a PM in which a clinical history was available, loss of integrity of the circulation as manifested by left ventricular failure and/or shock was also common. It was almost equal in incidence in partial rupture of a PM (seven of ten cases) and in total rupture (seven of nine cases).
Of the six cases with rupture both of the VS and of the free wall of the left ventricle, each patient died suddenly from hemopericardium but in three cases this event was preceded by the development of left ventricular failure and/or shock.
In these three cases, the interval between the onset of left ventricular failure and/or shock (presumed time of rupture of the ventricular septum) and death from hemopericardium varied from less than one day to two days.
In the case of rupture of the VS and of a PM, shock developed and was followed by death within a day. The single patient with partial rupture of a PM and rupture of the left ventricular free wall developed left ventricular failure and a high-pitched systolic murmur four days after the onset of acute myocardial infarction. Lethal hemopericardium from rupture of the free wall occurred ten days after the onset of the murmur.
Atrioventricular Conduction Defect
In six of 17 cases (36%) of isolated rupture of the VS, varying degrees of A-V block were identified. Usually, this change was noted in the first day following infarction and before the onset of rupture.
In none of the cases with isolated rupture of a PM or with rupture of two structures was such a conduction disturbance recorded.
Time of Rupture and Length of Survival
An attempt was made to identify the time of rupture after the onset of myocardial infarction and also to determine the length of survival after rupture had occurred.
To identify the time of rupture after the onset of infarction, use was made both of the clinical history as to the time of onset of myocardial infarction and of the histologic "6aging" of the underlying infarct. In this particular series, the results of these two methods of study coincided fairly consistently. The time of rupture was taken from the clinical manifestations, such as sudden loss of cardiovascular compensation and/or onset of a murmur.
The Ventricular Septum
The time of isolated rupture of the VS occurred most commonly between the second (six cases) and third (five cases) days (aggregate 65%) after the onset of acute myocardial infarction. Rupture on the fourth and fifth days was observed in two cases each, while in one case rupture took place on the sixth day and in the final case on the seventh day.
Among these cases the length of survival after the onset of rupture varied from less than one day to 60 days, the majority (11 cases) dying within eight days after the onset of rupture. The great concentration of deaths after rupture occurred on the first and second days (eight cases). Of those who survived longer than eight days after rupture, the two longest periods were five weeks (one case) and two months (one case). Each of the latter cases died after attempts at surgical repair of the defect.
Papillary Muscle
Regarding the time of isolated rupture of a PM after the onset of myocardial infarction, there was found a similarity with isolated rupture of VS when there was total rupture of a PM. In contrast, there was a trend for later rupture when a PM was involved only partially. Of the nine cases of isolated total rupture of a PM, six occurred on the second day and two on the third, while in the ninth case rupture occurred six days after the onset of infarction.
Among the ten cases of isolated partial rupture of a PM, only three events occurred on the second or third day, two each on the fourth and fifth days and one each on the sixth and ninth days. In the tenth case, later to be described as operated, the underlying infarction was silent, the patient when first observed exhibiting signs of chronic mitral insufficiency.
Survival after total rupture of a PM was short, seven of nine patients (78%) dying within one day of rupture, one on the second day and the ninth patient survived five days.
After partial rupture of a PM, there was a much wider spread as to length of survival than in either isolated rupture of the VS or total rupture of a PM. Among the ten cases of isolated partial rupture, only three (30%) died within a day of rupture, one at three days, one at five days, one at four weeks, two at six weeks and one at seven months. In the tenth case, the time of occurrence of the underlying infarction was not known. Operation for mitral insufficiency was done two months after the onset of symptoms. At operation, partial rupture of the posteromedial PM was found and the mitral valve was replaced with a prosthesis.2 From the cardiovascular point of view, the patient did well postoperatively but died seven months after the operation of cholangitis.
Two Structures
Among the six cases with rupture of the VS and of the free wall of the left ventricle, three cases showed loss of cardiovascular competence some time before death from hemopericardium. It is assumed that the loss of cardiovascular competence represented rupture of the VS. This event in one case occurred on the second day after the onset of infarction, on the third day in the second and on the fifth day in the third. In two of these cases, rupture of the free wall occurred within a day following rupture of the VS, while in the third case death occurred about 24 hours after rupture of the VS.
In the remaining three cases of rupture of the VS and of the left ventricular free wall, there appeared to be simultaneous rupture of both structures shortly before death. This event happened on the second postinfarction day in two cases and on the seventh day in the third.
In the one case of rupture of the VS and partial rupture of a PM, shock followed shortly by death occurred on the fifth postinfarction day. No murmur was heard.
The final case was that of total rupture of a PM and rupture of the left ventricular free wall. The murmur and left ventricular failure attributed to rupture of a PM developed four days after onset of infarction with rupture of the free wall occurring ten days after signs of PM rupture.
Comment
The material underlying this study on rupture of a left ventricular structure as a complication of myocardial infarction contained 98 cases. In 90 of the cases, one structure was involved, as follows: free wall of left ventricle, 52 cases; VS, 18 cases; and a PM, 20 cases.
In eight of the cases, two structures were involved, the most common combination being rupture of the VS and of the left ventricular free wall.
In the entire series, involvement of the VS and/or of a PM was observed in 46 of the 98 cases (47%). This is an inordinately high figure for rupture of these structures among cases of cardiac rupture complicating acute myocardial infarction. For Lee and associates' observed that rupture of the VS constituted 12% of all cases of cardiac rupture complicating myocardial infarction. The near equal distribution in our series of involvement of the free wall compared to that of VS and PM together is probably a statistical artifact resulting from the fact that specimens were contributed to us from many sources with the likelihood that there was a tendency for less common conditions to be submitted more often than the more common.
It is commonly accepted that those myocardial infarcts that become complicated by rupture are transmural. While this phenomenon was consistent in our cases of rupture of the free wall and of the VS, it did not always apply with regard to rupture of a PM. Among our 20 cases of isolated rupture of a PM, in half the underlying infarct was subendocardial with a conglomerate distribution. In this area, there was no consistent relationship between the type of infarct and the type of PM rupture (total or partial).
Our studies and those of others6' 6 indicate that rupture of the anterolateral PM is less common than rupture of the posteromedial PM. In our series the ratio was 1:4. This difference has been explained on the basis of fundamentally better circulation to the anterolateral PM than to the posteromedial.8' 8 It was of interest that in each of our four cases of isolated rupture of the anterolateral PM, the rupture involved the entire muscle, while among our 16 cases with isolated rupture of the posteromedial PM ten were examples of partial rupture. This difference may be explained on the basis of the fact that the anterolateral PM is usually represented by a solitary mass, while the posteromedial PM is commonly composed of several independent heads.7 When partial rupture of a posteromedial PM occurs, the multiplicity of heads is the characteristic underlying anatomic situation.
In our series, the time of rupture of a PM or of the VS after the onset of myocardial infarction was commonly within the first week with greatest concentration by the third day, observations similar to those of others.8' 9 Dugall and associates10 noted rupture of the VS occurring between a few hours (majority in the first week) and two weeks.
Regarding clinical distinction between rupture of the VS and of a PM, our material, though not clearly distinctive, suggests certain trends in the clinical pattern of one as compared with the other.
The sudden onset of left ventricular failure and/or shock is common in each condition. While a new murmur was the usual situation following rupture of the VS, such a phenomenon tended to be uncommon in instances of total rupture of a PM (one of nine cases), but common with partial rupture (seven of ten cases). The uncommon occurrence of a murmur in instances of total rupture of a PM may be explained on the basis of profound collapse of the circulation.
The association of an A-V conduction defect with the underlying infarct was common (36%) in instances of rupture of the VS and absent in each of our cases of ruptured PM. This sign, in the context of the differential diagnosis between these two conditions, is to be taken as important evidence favoring rupture of the septum. Sanders and associates8 observed four examples of A-V conduction disturbance among 31 cases of septal rupture from their own experience and from the literature.
Among all cases of rupture of the VS or a PM, the site of underlying infarction most commonly observed was that which included the inferior aspect of the left ventricle. This factor, by itself, is one of negative value in distinguishing the two conditions. On the other hand, those infarcts which included the anterior wall of the left ventricle had a strong tendency to favor rupture of the VS (fig. 6 ).
The factors that we have outlined may be helpful in a general way in distinguishing ruptured VS from ruptured PM. More specific distinction shall probably be forthcoming from echocardiography. '1' 12 The literature contains descriptions of isolated cases of ruptured VS with long (months or years) survival." 8 9 According to Dugall and associates,10 Oyamada and Queen reviewed the literature on 200 cases of ruptured VS following acute myocardial infarction in which medical treatment was given. They observed that seven per cent of the patients lived for more than one year. This may be an optimistic figure, as cases with long survival are more apt to be reported than those with short survival. FIGURE 6. Diagrammatic portrayal of the dominant sites ofthe underlying myocardial infarction in (a) rupture of the free wall of the left ventricle, (b) rupture of the ventricular septum, and (c) rupture ofa papillary muscle. Relative incidence indicated by degree ofshading. The sites of underlying infarction in rupture ofthefree wall tend to be more or less equally distributed between the three major segments ofthe left ventricle, while in rupture of the ventricular septum the underlying infarct is dominantly anterior or inferior. In instances ofrupture ofa papillary muscle, the dominant site ofinfarction is in an inferior-lateral location. A nterior infarction is an uncommon site underlying rupture ofa papillary muscle and, when it happens, it occurs in the anterolateral papillary muscle.
The longest survival on record, according to our knowledge, was 13 years, the case being that reported by Landale and Schlappi." 8 Of the 17 cases of ruptured VS upon which clinical data were available, we observed that death within one or two days after rupture occurred in about half of the cases. The longest survivals were five weeks and two months, respectively.
Sanders and associates,5 reviewing the literature, found that 70% of patients with a ruptured PM died within 24 hours of the time of rupture and only 15% survived for more than two months after rupture. In our series of 19 cases of ruptured PM with clinical data, each of the nine with total rupture and five of the ten with partial rupture died within a week of the time of rupture. Five patients lived for four weeks or longer. Each of the latter exhibited partial rupture of a PM. One of these was subjected to surgical correction of the resulting mitral insufficiency, as has been done in other reported cases.12 16
It should be emphasized that mitral insufficiency, even of major degree, complicating acute myocardial infarction may appear with nonrupture of PMs. '7 When two structures were found ruptured in pathologic examination, the clinical and pathologic states suggested simultaneous rupture of the two structures in half of the eight cases. In the other four cases, each with lethal rupture of the free wall, there was a recognized interval between rupture of an internal structure (VS in three and PM in one) and the lethal rupture of the free wall. This interval was usually short, being one day or less in the three cases with ruptured VS, while in the last case there was a period of ten days between the time of rupture of a papillary muscle and final rupture of the free wall.
